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(54) COMPOUND SEMICONDUCTOR DEVICE 

(57)Abstract: 

PURPOSE: To quickly form a flat film by containing magnesium or zinc with a 
specific concentration for quickening the migration of a semiconductor film 
from three-dimensional growth to two-dimensional growth. 
CONSTITUTION: In n-type nitride compound semiconductor crystal film 
where Si is added, the migration from three-dimensional growth to 
two-dimensional growth is slow. However, by adding magnesium 
simultaneously, the migration from the three-dimensional growth to the 
two-dimensional growth occurs relatively quickly, namely when the film 
thickness is thin. By adding magnesium, a flat thin film can be formed quickly. 
However, since magnesium is originally an impurity of acceptor property 
originally, its excessive addition prevents n-type crystal. The range of impurity 
concentration for achieving effect is lxl015cm-3-lxl017cm-3 in magnesium 
and lxl015cm-3-lxl017cm-3 in zinc. Buffer layer 22, n-type GaN layer 23, 
and n-type InGaN layer 24 are formed on Sapphire substrate 21. The addition 
of Zn helps a flat thin film to grow and a flat thin film can be formed quickly. 
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(57) [gift] 

j£g3tifcn§3GaNH4 3, nS I nGaN&3EJ14 
4, p3!A 1 GaNlf 45, p§SGa NH4 6*«rr 
pSGaNJ§46KttRtfpSA lGaNJI45fc 
fct, ^lxiO"cm- J , 2x 1 O^cm-'om&V 
v^>$A#^fr$n*. n§?GaNH4 3Rtfnl? 
I nGaN«#JB4 4tC«:5x 1 0 " cm° (DiSST* 
3R**e3*i, CftCCfcO. p§«GaNJa4 6&tfp§? 
A 1 GaNJB4 5^6©^y*S/^AOl£|J[)W|»±3n 
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[10*31] t£BS&£. B5iES«K:3m$n*<J:^K 
^BfiJEgtCtO^BSSn/c. nl£gO<BiSJ©g{t&J 

mt^i^hra^mmt. **tio. m&m»m 

lxiO"cm- , ~lxiO"cm- , 07^i") 
AigO<Bl x l C'cm-'-lx l 0 1 ' cm'' (DM5 

«&B£. fcjyiU BSiE¥3?f*B#. *©£3B£?L£ 
lxiO"cin- I ~5xlO"ci"'<!)S 

g| t lxio , 'cr , ~lxiO"cm' , 08S, ix 
10"cm- , ~lxiO ,, cm''©tl'>, £0<B1 
x l 0"cm-'~l x l (T'cm-'CiSltfcSWTSC 

[siW3i3] iflBS«K:3m$<a*J:^{c 

£ . pliKtt i SOgfb&SHb^fr h fc S 

•fSfc*. 1 x 1 0"cnT'~8x 1 O" cnr'©&SR 

[i|jJ3@4] t£HS«£. MEttfi(c3d93nE-?£b» 
fcSJB 3 n/c8 1 RtfSfl 2 ¥3S(*B£ U . » 1 
(HWfiUBA&KJ: 9 J&£3ftft:nl?£0 < B i 5£©M 
{b1MHb£ftfr6tt9. fJiEff^^fflltfvy*^ 
A££WTS pS£0 < B i SOSffcSlJRffc^J* 1 ^* 
9. HEI»1*«*IW«. t5IS»2*»#K*?)©vy 
*S^A©|£fSc£|Sk±T 3xl0"cm-'-l 
x l 0"cm-*©***^#rSCi*«Fai-r5<b^ 

m L» . «wa*»fMi««Ea 

&©*j§{*|glcS* ft* C £ =£«f®[i t 1 AM 

4 ©l>rtt^KiE*&©<b#l!J¥«f*&B. 
[moge] l?E1S«©^#K©*^* s . GaN. I 
nGaN. I nGa A 1 N*>6&*8W»e>j8tti*ftfctt 
f> ft £ C t fcft® i f -Sit #5 5 KiEK©fba$J^ 

[000 1] 

fc3{b&&©<b£»i!<*a> 6 ft S{b#Bj¥8#£KK: 

[0002] 

[S£*©S'^] 3hse. *e*<,»tt*e©»*#4*- F 

ffl©ttf4£Or. -«5£#BA 1 Ga I nN"C3lfr;*ft 
aSttttSfb^^iiffcWai^ftri,**. C©ttt4**J 
ffl0fc&#2V*- F£0rfcD6ftrt»*fc©B. MI 
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S (Metal-Insulator-Semicon 
du c t o r) tiljgOfc©?**. C©«fc5ttM I S§? 

©js*#-f *- fb. «ittiaBE#ii6< . £s*?££«>is 
so&K»*s#*©-otor. pns^sw5ti> 

5C£#g«cfcl6ftri,»S. 

[0003] ±Btt»*t*. £i L/TW^H^tSfiSS 
ffi (6TF. MOCVDffi) Wfiie^ + ^-S (M 

[0004] 

[&i93aij8fcO<J:5<!:-rsiSS] g{b«J3i<b£«J¥igf* 

©ra&£© i ottis^fiSSjagK:tow-2>ws*-c*s. 

&#tS£0¥«B£fc*J. ftftCc*©BM$fiM£AK 

C*>. ^{caSRtUSJlDOfcnffltSfiOfiSfitcisliTB. 
jfct{CS$JJ10r(,>&l,>»,>fei}>*T> F-^B*-?**^ 
■5 A* F -:/Ofcp SB t it® Or 3 ^c^Efi* 6 2 & 
TcJj&g^&frT ■SUSH^ <, U mJWT©HS T 
SIMttc*l»rH»K**B**»MiK< <,>&!,> MM 

jftPfmOfc. 

[000 5] 2flBBc©J;5K:orr-*fctSII#S«: 
■-r*IW«a-C*6. H»W«lSlBHt^MSK*t 

30 mj&i,*?^t\,>'5ctifi£<tohtix^z. c©g 

*©fc^m^*fcM>rBI6#Jir£0fc:)fc 
**C©Sl,» F^-«(4KM^0fc^*rt'*'--©3&K: 

iorRiKSft. ^^BwfeffiOfflo^^ffiSM-*. c 
©«k ^^c^^ft^aibi^S^ 0rB^HBa4 9-2 
97 70(CietS3nri>SJ:^{C. ^«^©VKtc 
IS. JWfcWtCKttflf (P) ^ffifR (As) *»>5Ci 

(GaN) KC©«fc^tt^l««J*aS)lDOfc«^K*J«,»r 
40 B. GaNiOfcHW'JW (GaP) *>IMWt* 

/hst>. c©^». cn^oiia^^tcfc^rBx^ 
©^ttrfe-s^fccx^.^-^ * » ^4*ijffi0ftJSt> 

[0006] 3#a fc^©u a p^©PflJS.^-C*S. 
(*5R-7#fiJEKaS:fflt.>6nri»SS iKaAstl>o 
fc¥«(*SK±(c. a<tftJMbd*M|£*ftB«&&Oft: 

Ji^tcfc^rB. -?-nf)©#«(*SS^i!:^ssr*s 
50 fc»{c. SfeJbtCfiXS5nteS<b«j^fb^!ft*3H*Efe 



3 

[0007] 4SB«^ B JSSfS©^^fiXXg«:Wr 
*f8j®r&**«'B5©S£t5cr*£. #lEW©*t&-c*S 

■CB. jiff. tSJUSS^fftto^ftK. «*&BWT?& 
ftSKKMSft*. C©i§£. ftfeTO^KffiflOW* 

i»ttK:»i/-cwwtaKfrti>9iw»fl»«**. * 

[0008] ±j*©<fc WkWMb«1fe¥9fHIK 

». *©*siis#©i^#t>«tSii/a^«£>&. ¥ 
>y-r*is©ffl»s. isuaa^gKfctf *;«#»©&» 

?7 t -f T«r»«i l/Tffil>fcg{kTOk£«»*8«fcBS 
1#tc#M^*»*r*.tC**ttIIBi 

[0009] *^tttLh©R3S.^.Kffi*-CftSnfcfc 
[00 10] 

[SgfclSfcT 4fc»©^K] #I£9I©3& 1 ©#£.«:& 
3fl:£*¥*ftt«tt. £SS«4. l5sBSfi«:^S 

fa^awwe**. -e©3^cjafi*>62^7cBEfi^©»ff 

&£&&fcti>. 1 x l 0" cm-'~l x 1 0" cm-'O 
•?y*i"?A;gL<Bl x 1 C'cr'-l x 1 0 ,7 c 
m" 1 ©EJ6££WT •?> C 4 4 ? 
[0011] *JW©»2©8t£KffS{fc£«M|sai*K 
■». *§&S«4. OTB«RKja«Sh«J:9«:«ffl* 

4. *MU ltE*W*IW«. *©**a3l*S»6 

fc«t>. 1 x i o" cm-'~5 x i o 1 ' cr'Cgl, 1 
xi0"cm- , -lxl0"cm-'O81 1X10" 
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cm-'-l x l 0"co- , ©tl'>. £1/<«1 x 1 0 
"cm-'-l x 1 0" cnr'OftJteSttr&Cfcttt 

[0012] #f^©Sfi3©81*.K&S{k£$¥$f*8 
SB. *SHS«4. |triES««c3t^3niJ:^tc»tB^ 

«l/< B i fflOffiHMHb^fr 

u ngB^»»H*'. ■e©i?^>^ i &gM«:-rifc 

*. lxi0"cm-'-8xl0"cm- | ©Sf^W 
10 r*t4£1#S[4r*. 

[0013] *^W©®4 ©&£.£& *{k£ft¥i*{fciS 

sb. tsussi. t«aHEfc£**s*\R-3Ei.»K:Wi 
s ftfcsn i si/is 2 . m i 

*#aSRfcJ:»)»SS*ifcnffl£l/< B i SOMbMS 

{k#BJ*>e>&9. t5iaS&2^&jg*wy*i^A££ 
*tf S p SSI/ < B i SS©S{bt3>£{k#8J*>*>& 0 . 15 

A©ffifi{Srl!fritrS/c«>. 3x l 0" cm '-l x l 0 

"cm-'®*st&*r«c&tttik&r&. 

20 [0014] *893©SI5 e&AicflWMrilMNBM 

SB. #&93©si i TbmA oM&<DitG®*m#%&® 

^rn^tcteor. iife¥$fl;|IE*s. *<uWMWBR 

F*^r*«»©*$#BS*A<§u m&stttt* 
utB^©*i§(*iiiK:^*n5 c 4*#»4r*. 

[0015] ##S93©J&B ©fc£(cft*{k£«J¥aiW*8 
SB. #IMa©lil5©fc£©{fc£1^8fc«HKM> 
"C. !*£«»©**(*£©** G a N . I n G a 
N. lnGaAlNfr6tt*Pfe6ra3ftfctm*»6 

30 &st4*i$Si4rs. 

[0016] #|SB©a!MflB7nfKK:J:o-C. ■£•©**» 4 
r *©&&. ■etif>©7aRtcJ:5Ra 

[obi7] sr. •7^->^ARc;si6©yji'-^«: 

oi>TSi^r5. C*l6©7BRB*l©raHj£'C*3fi& 
fiB$©fe||©¥ffiteKHr**>©-C*£. 

Hii*tT%-3fcem. s i zmtiawcnmMmmts 

40 «j¥3W*Bfiia-CB 3 ^5c«g*> 2 ^5cfiRfi^©»tf 
*5iH,»CtB±KEUft:a0r«)i. C©«t^ftfiX^tc>Pf 

P> 2 ^7UfiSS^©^f ^ * is 0 A 4^fln u u c > 
oTJf««cWII*»iatr*Ci*«-C**J:9Ktt*. b 

«j-c*-sfc». ^fi«casttirsc£Bnafes©^fiS4 

50 «. nSM**©»«*li»r*CAa:<. *intcJ:S&l 
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x 1 O ls cm-^l x l 0 17 cm-^WCi^L 
ttfts^St) ti&iAKfiHB lxiO^cm-^lxiO 

^-^cconTKWTS. cfte>©7cJRtt*2©IWH* 

g5Rtttlxl0 1, cni- , -5xlO ,T cm-\ tt 
&ri*l x 1 C'cm'^l x 1 0 10 cnr\ •feU>"C 
«1 x l 0 16 cm- 3 -l x l O l, cm"\ $£5tixl0 
"cm-'-lx 1 0 1, cm- J tft5Ci*ifll?SUc. 

am 3 ©ras^r* sea©x 9 yoHS;* kbit 

* i/ •> A ZffiM bfciMt© P ^{l*^fc£W¥8WW* 

^l***nfi**1"F^--ttC!)^tt«re*a*:«>. ifi 

W6aW»*trtt-9*fclS*, pfflfc*©»fc*lM»" 
4 c t fx < . Wtoic J: **ft*ftsft e>n^^«^igS©IB 
HB, 1 x l o 1, cm" , ^8x l 0 lT cnr J <DJiS*CS> 

[0020] gate, *3Rfcoc»rKWr S. SS±^ 
M^cnIGaNit7^J/')A (Mg) *«flnU 
fcp|!GaNIBi*6ftapn«^«aK:oc>T*A 

tc»JM**Lfc£C*. MgttpSJB*&nSJB^lt 
JR#S*ftTC»*»£«:tt, Mg©ffitM*«KHSti, p 
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t^iLhtxh. *«M*63&9in*fftt->fc*fi*. at* 

^W)T^C<!:^r#-5)*5S§a<DKffl«l x 1 0"c 
m-'-lx 1 C'cm-'rWCi^fflU. 
[00 2 1 ] 

(9 1 ©SIMWKB) 0 1 «*^W©9 1 
Kft5l6#y-f *- F 1 0©Kffi*5W. 
[0022]»*y-f*-F10«, i^r^Tgffil 

i lswi/trfco. W7t >frSffii i<D-iffli i 

rlBl 2#5 0nm©«3"C»fi£S*ra>S. BK^? 
7 7 I120l^ JBfc* Jf$4 /zm<Dn32GaNJ8 1 
3, I350nm©nainGaNS3tB14, tvv 
FIH*tl/"CWS 1 5 0 nmODpSA 1 GaNHl 5. /f 
3300nm<3Dp§2GaNHl 6#«Jf3ftTt>£. n 
SGaNJf 1 3B^7? FJiiLTfcJK. 
[0 02 3] Cti^nSGaNIl 3*6pfflGaN 
HI 6*r<D&«Ctt % axiO^cm-'OWM 
) Stress. Sfc* »2©*»©JB«'Cifi^SJ:5ic* 
p^A IGaNgI 5Rtfp3?GaNJBl 6tcS i 

[ 0 0 2 4 ] ttA&fi<!>& pSGaNJSl 6rt>6>n§!f 
InGaNiHit^ nSGaNll 3#BUT* 
$*Cx?*>y$h, KK£ffi*«34 00n 

m<DS iO, K17-cafcti£„ COSiO, &17<D 
!i*WB»«:a3WP*8h. PSJll 6fc**bTAu- 
Nigl8^, nSJIl 3fcftLTA 1R1 9*96fiSS 

[0025] filTK* »*y-f*-F10««l*tt«> 
*»«*««:K9B"r*. c©jfe##-f*-F10tt, A 
&©*^)g^ffif£g& (MOCVDS) CCi^SltB^ 
fiCcjrOHJSl/fc. flBOfc^tt. 1B»WX<!:LTT> 
(NH.) , (S i H« ) KCrettfbttSR 

(ecu )*«^ *+yr^ii/-c**(H, ) 

(N, ) *ffll»fc. *^>IB»iO"C, F y 

jtffriJVVJ* ( CCH, ) 3 Ga) (WT, TMGi 
IB-T) , F lM*;l/7^x^A ( (CH, ) 3 A 1 ) 

K) <«T. TMAifET) . F'J-^^-fV^A ( (C 
H, ), In) (WT, TM I t&t) . ^^/UffilS 
( (CH, ), Zn) (HT, DMZilET) . t^X^> 
^a^>5?^x^^vy^^^A ( (C, H, ) 2 M 
g) (fclT, Cp, MgiieT) *ffll»fc, 
[ 0 0 2 6 ] fflW». •tt^atfflWKfflHCJ:^ 
Tgfc^O/ccBl 1 at-iiilfc«Si©*7T-f 
r«Rl l^rMOCVDSS^S^CclSg^n/cttl^ 
?W6«c*-fe^*±K:K»l/fc. *«c. ^E-CH, £10 
L/*M)ittr*l/&#^ fiK 1 0 5 0*CC« 1 0^ 

50 H. D"7r-f7tfil l©-tffil U*«fiX"^> 
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[0027] fcfc. V~>7<7W8l\ 145 10'CSr 
HSU H, 415L/#. N, 45L/#. NH, 4 
1 0 L/#. RCTTMG42 5 c c/#©&iSS»-C6# 

[0 0 2 8] £(C. D-7t-(7I«1 141 0 2 0*C* 
■C^itEoSSU H, 415L/#, N, 45 L/ 

NH, 41 0L/#. TMG42 5cc/#. 10 
Op pm©S i H, 41c c/#. RtfCC 1, 45 c 
c/#©&i&fi-C6 O^fiS-rcitCto-C. nSGaN 
IB1 3 4»fiSl/fc. 

[0029] £tC. ^y-TTSfil 14800'C*-C 
PSfiL. H, 45L/#. N, 41 5 L/#. NH, 4 

10L/#. TMG43cc/#. TMI4100cc 
S i H, 41c c/#. DMZ41 0 cc/», 
RtfCCl, 45 c c/^OSSfESri 5#i£-T Cite 
J^T. nSl nGaNll 4 4J&SUC 

[003 0] y^tc. -9-7t-<TS«1 141 0 2 0"C£ 
■cmRi&Ub, H, 415L/#. N, 45 L/ 

NH, 410L/#. TMG45 0cc/#. TM 
A425cc/#. Cp, Mg43 0cc/», CC 1 
4 42 5 cc/#. RtfSiH, 40. lcc/»OS 
SEfi-C 5 #?frr Ci«:J:oT\ P§2A lGaNJSl 54 

[003 1 ] Etc. -9-7 t 47S«4 1 0 2 O'CCt&fi 
Cfc**. H, 415L/#. N.4 5L/&. NH, 
410L/#. TMG42 5cc/#. Cp, Mg43 
0 c c/#. CC 1 , 45 c c/#. RtfS i H, 4 
0. 1 cc/#©&8«rC5£g&«*CiK:«J:. 3 -C. 
pSGaNJBl 640JSOfc. C©«tCCCl, 4fifcB 
#*(C<*fflT * C £T£fiSSJBK:|£5R4SWStta C i 

[003 2] C©&. TMG. Cp, MgRtfCCl, 
mtlZW). H, 415L/*k N, 45L/#, R 
tfNH, 410L/^0>S«a|-CS6l/tt*J?)1>-7T-rT 
S«l 147 0 0-C*-C^SL/yt. MIC. H, RtfNH 
, 409. N, 45L/#"Cfiy$ l/£#6-0-7r<f7S 
ffil 14lf-fe:>"*±«cftBU Sii*-CKiaUc (08 
#H) . 

[0 03 3] CC?, H, RtfNH, 409. N, ©# 
3 0 0 'CfcLL-c* Z C t ifi-jtmvi) 0 . 5 

o o *c«±-c* i c i u c>. c *i«i*fl©*jR£ 

H»TrttJagfcll®©^EttiS©**W*£tt*£«: 

«>. C©J:^/3:il5S©*SS^ffl»T'r««14{fcStiS^ 
l %flKtcf sr^ct*. c ©«&«£«:«. 
Stt{fcSfi-Cl^j:C^«^«« : F^FS4fP'3. 
^*^4^2./c8!>*?-©^4«L<<aTS^*. C 
hKttLTj^Uc<tV.tii&i&rW9g*4?To/da£ 
KB. ^JraS<afc^*«1j!©^j:< 44>7%«±. £<© 
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jg£ i o %i>ik#mmt2 tixmc twwLtc. 

[ 0 0 3 4 ] S fc. 8«©*&iP«gtt 5 0 'C/ft&.T-V 
£>*Ci#S*U>. £ftfelb©SIKr$*PLfct§£(C 
tt. fttCA 1 4J»^fciga^. «*«A 1 GaN3?«:fc 

■tfi£.CZ>Cttifi$>2>. 

[0 03 5]fcfc. gflS-CKfif5fi5©^il/-C 
(J. B<ffiA0ttrt7cS4!>lo-C**N, 4fflt>SC<t 
#S*U>#. He. Ar«S©*r£tt#*4ffll,>*C<!: 

[ 0 0 3 6 ] C (DW&JMZmZ C t V % *«&©?£& 

©I*I4i£M?i l/ft < &*/<:«>. Ig©B(«Ht4ia* C 

Z>. &7--;u^©tfcOI4g?>J:D thrift 
{b$4f#SCi#-C**. 

[ 0 0 3 7 ] &tc. g<fc&&<t£^i*ttl#liS£Uc 
tJ"7r^rSSl l*M0CVD«9ft>feft9liiU U 

©*«S«(C «t -5 T n ^G a NB 1 3 *SRa-r S * 9 

^flHSiUc *©&. cvDgstcto 

T. iO, Uil 7 4»4 0 0nm»fiSl//c. C 

<DM(C «t o r ^ tmjtfliJfflKRai Wcpn ffi^tifi 

©'j-d'S^iWfiisn. ss^©mi«5*<isn4. 

[0038] ^(C. S i O, K 1 7(C^BUK©?SjS4ffl 
1>-C. pSGaNai6*iiKH0 0<imft©^t3-C v 
SfenSGaNHl 3##J 1 0 0 <im*©^*$-C«ffl 
•f*J:5tt?L4J&&t/fc. C©?L4ffib-C. pSll 6 
K»l/-CirjlMm©Au-NiKl84. nSUai3(c 
*tl/t*>6 0 0nm©Aiei 9 4»fiSL. *-3»* 
SffiiO/c. W±©Ig-C^y^*-K*5^fiJl//c. 
[0039] ifiiJ>2>$kyt# A K 1 0 K*$W£&IS© 
^KtfiSStt plGaNB 1 6 «f©M g«a©**« 1 x 

1 ©"cm-'rabO. nSGaNHl 3. nllnGa 
NB14. R^pSiA IGaNHl 5KS^S**l4S 
i. Zn. Mg©i8SW2xi O'^r'tAofc. * 
fc. nSGaNBl 3*>?>pSGaN)il 6*-C©Sl 
*(c^$ti4KSRifiK«2 x l 0" c nr"C*ofc. 

[0 04 0] C©«{CL"C^lS3hfc^y^*-Kl 
04t«)3 5 0ymft©^*$-cy^'»yLr. Xf-A 

2 0 m A«:*f L/TT 2 ~ 3 mW|IK©#Utfj4?#* C 
T*. !Nirfcm73l$ra4!^-f*CiAi-C#/c. C*x 
e.©«iB. ^45IHWK^*^i,>. BP«. 
th©WTr*i«t ^ ^tlS^©|Sl«l©1«j§4W-r 
f A * - K ©Ittt t it $S U r m 2 ~ 3 (S© 14 ± i o X 

[ 0 0 4 1 ] C©£5Rigg«C-3t>rtt 1 x 1 0" c m- J 
50 fr£5x 1 0 1 ' cm-**T©^'CCn*-ca'<r*/i: 
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fcnfc/t&Cctf, ^iSK^5xlO l *cm- 3 «±-Cfi 

K«i*R3Wl x 1 0 W cm- J ^63x 1 O l 'cm-^t? 

[0 04 2] Ctrl*, &#JB* I nGaNfcl/fct§£ 
CCO^Tj&^fctf, &#)S#GaN, I nGaA 1 N*C 

(Iff 2 Ol?ifi<D^98) 0 2 fcfcfc&fSJCDfe 2 ©^JfeCO^SS 
4 *- F 2 0 

[0 04 3]*##-f*-F2 0tt, t7 7-/TlS2 
l^ffb"C*50, -e<D1f7T>fraS2 l±fc, 
fi££ttft? 5fcft(CGaN©^y 7tI2 2#5 0 n 
mOWSrjftsSStiro*. J t<0^vVrm22<0± 
frc, mc* J?3 3iimCDnMGaNfl2 3, J?3 1 0 0 2i 
nmCDnSI nGaN«36Jg24, FJ34 Lr/P 

3 3 0 0 n m©pSA 1 GaNS2 5 , IJ500nm 
©pfflGaNJB2 8 3MBBS*irc»4. 
[0044] &®0*ffltoW&&aT<DM Dr*&. p 
fflGaN*2 6rttMg«K#lxi0"ciir\ Si 
igfittl x l O^cr'W, pSSAlGaNJ12 5 
•CBMgaa&W2x l 0"cm-\ SiiggttlxlO 
"cm-'ttS. n§21 nGaN124r»S iiSK^ 
2xl0 1, cnr\ ZnWlxlO^cm-'t* 
4. nSGaNB2 3*©S iiSS:«2x l 0 19 cm- s 3 

[0045]«TK. l«y-f*-F2 0©Wi*ffi© 
^0»*IBK:&9I3T*. if. Wm»KVM 
^CC<fcori5fcfrLfcaffi ( (1 1-20) ffi) *£ffi£ 
bte*tt*W7T ^TSS2 l*MOCVDSB<DK 

1C % SEtH, 41 0L/»OtiHrcai/tt*6, 
lOSOWttlOiJMIL *7T-f7fflR2 l<D-£ffi 

[004 6] tf7T<f7»S2 1*5 10*C£V - 
BBU H 2 * 1 5 L/#, N, * 1 0 NH, 
*5L/#, TMG*2 5 c c/^O&ffifirifcTCi 
CCi^-C, M*7rRB2 2*#fi8Lfc. 

[0 04 7] -*:7y <*7g«2 1* 1 02 0'C£ 
r*HBJ.oftfiU H, *15L/#, N, *10L/ 
fl\ NH, *5L/#, TMG*2 5cc/». SiH 
« 4 5 c c/»(Dft««"C6 0»i*-rci«:j:o-C. n 
HGaN«2 3*»I«l/fc. 

[0 04 8] JXK, -9*7 y>f7g®2 1*8 0 0*C£r 
BflU Hi *10L/5K N, *15L/5h NH, 
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*5 L/fl\ h ';x*;l>#';^A ( (C, Hi ) 3 G 
a) (WT. TEGiB*) *3cc/*h TMI*3 
0cc/», DMZ^lcc/d, SiH, *lcc/ 
^^Sr3 0#»TC£K:J:or. nSInGaN 
■ 2 4*»fiSLfc. C©JBJBjSCC*j^r©Z n»ft]tt* 

[0 04 91 *«c % yyjArmm 1*1 02 0-cs 

-CIHUL-sffflU H, *15L/#. N, *10L/ 
# 4 NH, *5L/#, TMG*5 0cc/». TMA 
*2 5cc/#, Cp 2 Mg*5 0cc/fl\ S i H, 
*1 c c/W)Mfiri 0#B!i!frrt£ecJ:or. p 
SSA 1 GaNJB2 5*«fiJELfc. 

[0 05 0] MCC, -^7r>fTSffi2 1*1 02 0*Cfc 
SSU H, £15L/£. N, *10L/*h NH, 
*5L/*h TMG*25cc/:Jh Cp, Mg*10 
0 c c/#, S i H« * 1 c c/#©£i£fir 1 o#m 
ffifotCHcZ-iX. pSGaNIB2 6*»J«Ufc. 

[0 05 1 ] COSL TMG, Cp, Mg, RtfS i H 
« *$W, H, *15L/#, N,*10L/$h NH, 

*5L/#©&^rSUfc*£, -*7t^7S«2 

1*800 'C£rf|fiLfco N« * 1 0 L/& 

aLft3D«6^7T-/T«R2 1 t*-b^*±fcjB«L. 

sa*ri*fii/fc. 

[ 0 0 5 2 ] Bf»»k6«^WWl36*jj6Sl/fc 
*7T-fT«R2 14MOCVD*BI*>6»0aU 4 P 

<D*^«tCj:o"CnSGaN^2 3^Sm*ri*rx ? 

^»«tL*:. ^©a. CVD^gCC<fc-p 
t k ^ffi^SiO, ®2 7*iKj2 0 0nm^fiEL/c. C 
(Dgtc J: -ot^ 1f«SflllSCCSHi L/c p n «^f?ffi^fi 

[0053] &IC % S i O, K2 7(C|Hffia>MK«» 
pSGa NJB2 6aMftl 0 0 umft<D^3^ 
3S/cnSGaN®2 3*JiRl 2 0 ^m*©^:#3"CaUi 
T4J:5K:?L**JjlEUfc. C(D?L*abr, pSGaN 
®2 6CcSJL*Ci^2Mm(DAu-Ni®2 8*, n^I 

23K»LTttl Mm©A 1 -T iR29fc»JSU ^* 

[0 05 4] C©J:9K:LrjBlSSnfc»*^*-F 
2 0*»3 50tfmftO**S , cy-fi/>yi/T 1 

«:i/T»«3tifc»*y-r*-F2 0B, 

f i o tp)ssottee*^o/c e 

[0 0 5 5] 3&>*i*jty-f*-F2 0tcteor, 
W©igr^^pSGaN®2 6R^pSA IGaNI 

2 5K*»wss iaBtiautaufciif). c^-rh©^fc2 

x l o ,f cm- J r*ofc. C<Dfflfl[«:*5C»rpSlGaN 
@2 6Rc;p§!A 1 GaN125ttX7f>^t^> 
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ct^tCX^^>^oIfie-C$>o/cigg«l x 1 0 ,s cm 
- J tt±ftfc»fcl/fc. S iB**F*-tt©*K 

«rc*4fc», ia«i©»ln»***pSir**^#GaN 

JB2 6RCFA 1 GaNH2 5*nSa«:Wh3*ri/*9 
tl^WHSr^CS. S i iBK©±RB> * 

ttpSO* + yT«K3Wl x 1 O l, cm- , t*iCi* 
S i &g#8x l O 17 cm-'ttTCBnSHcRfcS 

SxiO^cm'Wti^Ci^K, 5X10 
1S c m-'feLhS x 1 0 17 cm°6lT©«SrftSCiA« 

[0 05 6] (930jBtO>SS) 03«**^<O^3 
©jB»©*J»c«*»*y-f F3 0©Kffi*SW. 
«**-f*-F3 0B. teStt©AlNS«3 
TfctK -£<DA 1 NS«3 i±ec % nee. i?34 um© 
nSA 1 GaN13 3, Jf $ 1 OOnm(DnSGaNS 
3fcH34, FH£L*tJ?£ 3 0 0nm<Dp§SA 1 

GaN135, JPS5 0 0nm®p§?GaNJI3 6#fl 
«StiTC»4. *fc. nffiAlNJ13 3*&pfiGaN 
■ 3 6$?©&B#lCtt®5SS#l x l O^cm-'SWS 

[0 05 71 filTK, «fcy-f*-F3 0©l8i*tt<D 

^CCioTac^O^A 1 NSS3 1 SrMOCVDSSg 

<e>, s& i o 5 o *crft i o »hl a i ns«<d-£E 

[0 05 8]%tC. A1NS«3 1£1 0 0 0-C*-Cf$ 
SflofiMU H 2 *15L/». N» *1QL/*K 
NH 3 4 5L/fl\ TMAt2 5cc/^ TMG£5 
Occ/», SiH< *lcc/», 0. 1»MC**IL 
fcBBR (0 2 ) £2 0 c c/#©«ttC6 0#8WC 
iCCfc^t, nIAlGaN13 34Ml//t, 

[0 05 9] 5»C. AlNXRSltlOOOWfiW 
b/c**, H, *10L/$K N,fcl5L/*K NH, 

£5L/#, TEG«r3cc/», DMZ410cc 
/$K S i H« £ 1 c c/fl\ 4MRLA:WRO t £3 0 
0 c c/»©ftiHai-C4^ilE-rctK:j:*>r, nIGa 
NJB3 4*»fiSLfc. 

[0 0 6 0] *CC % A 1 NSffi* 1 0 OO'CfcSSU 
H, *15L/5K N, £ 1 0 L/*h NH, S5L/ 
TMG=&5 0cc/^ TMA*2 5cc/», C 
PjMg^lOOcc/S, mibtcO l £200cc 
/^OftttaTS^HfltTCitCio-C, pSAlGa 
NB3 5*JBfiKLfc. 

[0 06 1 ] HCC, A 1 Ng&£ 1 000 'CKHSSUc 
**, H, *15L/», N, *10L/#, NH, * 
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5L/fh TMG£50cc/fl\ Cp, Mg£30c 
c/£\ ^JftLfcO, «r2 00 cc/^<O&afir2 0 
#gfii&-f tiK^oT, P fflGaNIB3 6 4*/Sl/ 

[0 0 6 2] C©». AlNS«3 1^9 0 0'CSr^ 
&U ^ETNH, *10L/». N, £ 1 0 L/#<D 

«BR{td«l*»*IB#a»l/fcA 1 NSK3 l£MOC 

10 TVX££U 7^;&y*©*j8iR«:J;ornfiA 1 G 
aNB3 3#&UT *£-CX7*>^U -rftMWSiO 
fc. CVD&SKckoT, SBtcS i0 2 ©3 

7£#j3 0 0nm^JE£Lfc. tCDKfc<fcor>1rt»j§§J 

tv **©3WfcB»l3ft4. 

[0063] :xtc, S i O, «3 7 
ivt, pgGaNJ13 6#ftl 0 0/zmft©**;*-t\ 
S/cnSA iGaNH3 33Wftl 0 0 /im<^<D^*$"C 

«ar5i9K?i«MiLfc. c©?L^abt. psg 

20 aN136fc»LTtt2*m©Au-NiB38*, n 
SSA 1 G a NIB 3 3 «C» LTfi 1 umOA 1 M3 9 

[0 06 4] c©J:5«:i/rj|5«8tifc«*y-/*- F 
30*fi4 0 0iimft©*#3"Cy-fJ/>yi/r, x?- 

«:L-c»rt3tifc«fty-f*-F3 0B, fyfc&atcfc 
*- f i o tmm&omfezwistt. 

[0065] *>4>&ft£y<f *- F30Ktl>tMO 
30 ^«ggBpSGaN13 6*<DMgi6S©^lx 
lO^cm-'tAD, nSA 1 GaN!3 3*>6p1SA 
1 GaN@35$rCC^*n4S i, Zn t MgiSSB 
2xi0"cm- , t*ofc. */c, *HJ6©^ffi<0«pm 
TtiDHKlUitl/fcHl x l 0 l, cm- , *r£tH 
x l O^cm-'W 1 x l O^cm-^TO^tlSf 

c<d«hj:o«>*^»6«:b. sgrt-c«^-rssti3&^ 

40 xi 0"cm- J 3^61xi 0 19 cm-'OM^iSSOtS^ 
[0066] (»4<0SSSSO^jS) 04«#&9§(Dlft4 

©si*<3WB««:«5»*y-f*- F4 o^s^^-r. 

«jt^-f*-F40B, i>"77>(7gfil 1*WLT*5 

Sfc*tc^<f ^r)B4 2^5 0 nm©^t3-C?f5 

4wm0nSGaN®43 k /f $ 5 0 n m©nS I n G 
aN&#)144, 9vv FIBiLtW 3 1 5 0nm<Dp 
50 SA !GaNJi45, H3 3 0 0 n raOpSG a NH4 
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63&M8JB$4VCI>£. Cft6<DnSGaNJS4 3Rtfn 
SI nGaNH4 5CC«, ^*;)c&#5x 1 O^cm' 1 

[0 06 7] ISiifiRSOfft. nSInGaN84 
4*P*>P§2GaN!f 46*T?#, niGaN14 3^g 

Hi«*-cx^>^n, *<dsl «a^ffi^if3 4 

OOnmOSiO, R4 7-cafc>n*o CCDS i O, R 
4 7C>i5fitt»»K:7L3W«JSSS*i. P§2JI4 6lC*tUT 
Au-NiK48**. n 3SJI 4 3 VXA 1 B8 4 9 # 

[006 8] HTfC »*y-f*-F4 0©Wt*tt© 

>f7«fil l*MOCVDWTO£B6»CfcB8*lfcto 

0L/#©^^i&Lfc#6, SSI 1 0 0"CCttl 0 

[0 0 6 9]*fc. *7T-fT«Bl 145 0 0-C*T 
NBU H, *15L/». N, *10L/£. NH 3 
£5L/#> TMG*2 5cc/», TMA£4 0 c c 
/#CD&iSfiT«TC<L£J:oT, ;^7 7i4 2*» 

[0 07 0] t77^7lfil l£ 1 02 0*C£ 

r#Haaofi»L, h, *2ol/#. n, *iol/ 

NH 3 £10L/#, TMG42 5cc/^ Si 

h 4 *i c c/^oattreo^ifrctKjio-c, 

nfflGaN*4 3«R*l/fc. 

[007 naK. D-yr^rmm i£8oo-c*r 

HSU H, £2 0L/#, N, *15L/». NH. 
*10L/#. TEGi3cc/», TMI£30cc 
/£\ DMZ41 c c/#. S i H 4 *lc c/#©& 
iSSg-Cl 5#8£f t<tCC<fcoTn!SI nGaNJS44£ 

[0 0 7 2] #Ct, *7r-f7»«l lSrl 02 0"C* 
TJWU «LfctttfC. H, *15L/», N, * 
10L/:9\ NH S £10L/#, TMG*5 0cc/ 
# v TMA42 5cc/», Cp, Mg£30cc/ 

SiH 4 £0. 1 cc/»<DSS£fir5^fffl8£rc 
itCtot, P§SA 1 GaNB4 5*»fiRLfc. 
[0 07 3] M&C, t7r^7Sfil 1*1 0 2 0*0(0 
fi&fltsfcSS. H. 4 N, *10L/*K 

NHj *10L/», TMGI:5 0cc/^ Cp 2 M 
gilOOcc/^ S i H 4 40. lcc/#<0&«£ 

ir5#fitt*Tt:<fc«cj:oT, pS>GaNJB4 6£^ 

J&b/c, ±IBp§2A 1 GaN14 5Rtfp§!GaNJI4 

[0 07 4] C<D», r-f 7*«1 1*8 0 0*C* 
■ClWftU ^"CN, 0L/»»Lft*»6"9"fe^* 
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7^TSfil 1*MOCVD*B*>6KOHIU CVD 
SSKCfcoT* SffitCSiO a g47?:fi400nmf 
fiSLfc. £<DSiO a R4 7*v**£l,T. HftM>5 
«Jtt-f*>x?^>yffi (RI Eft) tCi^tnSGa 
N14 3««*-Ci^>^b t ^t^iSiO 

fco c<DSiO, B4 7«:*«*©«il6 J &fflt»r. pS 
G a NH4 6 1 0 0 jz mft<D*S ^rSfflT * <t 5 

Ml umOAu-N iBU8«:#JiJtU ^/cnS!^43 
10 K&LT#j60 OnmOA 1R4 9«BSSU 

[0075] coi^cci/tjeiisstifca*^*- k 

4 0£ft3 5 0 amft©;*t$ry^>^Uc&, ^ 
4 0(Cfc^T«. jfe«:Sfi^fc«*y-f*-F10iHa 

[0076] F4 0«C*W4«JiO 

^(B««fl[ttpSSGaN«l4 6*©Mg«K©** s l x 
1 O^cm-'t**], n§SGaNJ143^6pSA 1 G 
20 aNH4 5*"C£^£tt*S i, Zik MgiSS«2x 
10"cm- J t*o/c. tit. **W©iBr*4na 
Ga NJB4 SRtfnlSI n Ga NJ§4 4fc£*tt£*3S 

iggsx i o^cm-'raa*** 3xio i8 cm- 3 a>e> 

IX 10" cm"'*"?©**?* p^AlGaN@4 5 
S^pSGaN146^e><DMg Oi£ifc£ 5 C t 
ifiVZtc. CftJOjPttWtefctt, nSW4 3K^4 

4^©Mg©WW«*L<* cnecDi^ffifiKaistci 

oTIMMHW** rtW*pa«c£ftLTL«3»# 

BH3X l 0 l, cm''Hlx 1 0 a, cm- J ra4£* 
JgCCS*U<«, 3xi0 l, cm- j ^6ixi 

[0 07 7] (mSO^JSO^SS) 05«**^CD»5 
©jafc©*««c«5«3fty-Y*- F5 0©Kffl«r*r. 
m 5 (D^J6CWf5fiS#±& 1/ fc 4 o©*SS(D^SS i < 

40 SiCSSSl^N 
(fflR) , nIGaN85 3#S i , nffll nGaNS 
#@54#S iS^Zn. FBr*Sp3SA 1 G 

aNB5 5Stfp3!GaNfB5 6*SMg-C** 0 C*i6 
©i8®£oi>T«:, ±^4^<D^iScD^SIiI^«, n§2 
I n Ga NH5 4 t £<DZn . pIA 1 Ga NJH5 5 ty<D 
Mg«COC»-Ctt2.x 1 0" cm-'tiO, pIGaNi 
5 6*©MgCCOt,>-r«l x l 0 2 'cm-"CW. ^ 
fc. SiCCOC^rti. nS®5 3Se>'5 4-Clxi0 1 ' 
cm- J gS k pM^SBRC/S 6-C8X l O^cm-'t? 
50 **. ^(Dffe£D^^<tL/r«, nSGaNH5 3*6 
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pSGaNB5 6*r<9&BK**£3Wl x 1 O l, c 

[0 0 7 8] «»#ffi«:ocvttt. cn$ra^*fc 

4o(DSIJSCD?f^i|5l««:MOCVD^«:fflC^c. CO 
fSSfc^Sg-C b « 1 RUm 2 (DHJfiO^/S £ ntt^ft 

fc. 

[007 9] (*6<D*»©»JI) H6tt**«0»6 
<^*©JB«K:i*5 U-1f *- F 6 0 (DWiWiw 
? m U-1fy-f*-F6 0tt, ^7 7^7^6 1£W 
UTfcO . *<D1f7 r -f7»RJb6 1 KIBK* « S 5 0 
nm<DGaN'<?7TJ862, Jf $ 2 amOnSGa N 
163, IPS 5 0 0 nmCDnSA 1 GaN (Al<D*aJ& 
JtO. 3) 16 4, 1 0 0 nm(D7> K-^GaN 
165, /?£5 0 0 nmCDpSA 1 GaN (A 1 OfifiK 
ttO. 3)166, JI3300 nm<Dp§SGaN167 

[0080] Ctlh<D&m<D*1&®&mt, n^GaN 
16 3"CBS i^xiO^crWg^Sxl 0 
"cm-\ nSA 1 GaNJB64'CBS i^2xlO n 
cm- 3 S^Mg^8x 1 0 15 cm-\ 7>F-^GaN 
S65t«Mg^lxi0 1T cm'\ pSAlGaNi 
66TOMg^3xl0 ,, cm- , 4 pSGaN167r 
KMg^lx 1 O^cnr'-C**. 

[0 08 1 ] c<*M*QM6tfmtCti*VmbX91t 

fm<mmtm&tc'nitc. nSGaNi6 3^e>r> 

¥-zfG a Nl 6 5 £r<D£lKB¥S&S)i^J&©fc 

ftoc±aLfc«ftt?Mg*asaiu*:. **sMg©»« 

til x l 0 n cm' j -ix 1 0 17 cm- 3 r#)3l#lt*>ft 

6*. ¥fittBW»6*iK C©fc». Mg 

tfftttl x l 0 n cm"-l x l o 17 cm-'ifiM%~C, 
1 x l 0 ll cm- , -l x l 0 17 cnr , <DiSK"C£>&t <h 

[0 08 2] (»7©I8»©»») H7tt**W©»7 
(O^Jfe(D^!SK:^^^*y^^- F7 OOWM^^To 
«*^*-F7 0tt. al ( (1 1-20) ffi) 
i-T41f7 7-f7S 3 R7 l±CCjgj£$n/tfcQ?£>£o 
H*fiB*7y^7S«7 lJfefclMC. GaN^?7? 
17 2, Zn F-7GaN!7 3, S i F-^nSGa 
NJB74. n§InGaNS36I75, Mg F-^pSS 
AlGaN176, M g F-^pSSG a Nl 7 7 
S. 

[0 08 3 ] GaN^'?77l7 2BJVS#0. Urn 
*77>7*«&GaN14©«mFK££* 
IgmtZtcitolCihZ. GaN17 3B«S#0. 3am 
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*»W©£ir**2&7^^^*B*»a 
fcfefcZniWSDl/roS. Zn©»ttttl x 1 0 l, c 
m-^lxiO^cm'^a^ 1 x l 0 1S cm°- 
3X 1 0" cm" 5 (Digg-C*^C<b^a*L/^o SiF 
-7nSSGaNJH7 4BJ«#4anfC*l). »*1K 

W r -{7*J8lvti>Sfc*K:x 7^>yfiCJ:-7"CnS 
■6BfflSl*ttWtittft^&C»fcA. 17 4BJfft*C» 
flEl/tl»*. 17 4<D**U7igKB2x l O^cm" 3 

10 ggT?*^o 

[0084] nil nGaN8#17 5BJ1 $#0. 3 
umtNfc*. £fc, 2fe)fc&g£4 5 0nmgak:£btt 
Ste*. I n(D3BJSSttB69«"C*a»^«:B, S i 4Z 
ni*H«F«:jRflll/-Cl>5. I n&&£3 0%g&*T 

[0 0 8 5] Mg F-^P&A 1 GaN17 6BW3** 
0. 2um-C$>*). J^fciEftfcttAT***** 
tic. A 1 <Dfflf£ttKoi>~CB, 
20 0-*»«-fSfc«>(CB**C»Ci**a* W>— P 
* 'J 7^*Wffr*^fcB«*H:B^3lr** 
fttW>. ch6©*#W)tt^«:J:0. Ai<D»8ltB 

Bl 0%*62-0%©IHK**C£#J:9a*U^ 
[0 0 8 6] Mg F-7p3SGaNJB7 7B«S*»0. 
2umV$>*). AlGaN|7 6tttfiJfS:*-5?^ 
fitt« i 5 C t #B&T?#> 4 C <b *p 2 ftfc i><OV 
*S. *ty7iftttBlxiO ,, cm- J tt±8a[**C 
4#a*L<. CCtttZxi 0" cnr s 4g»£Lfc. 
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